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SPECIFICATION 

1 . TITLE OF INVENTION 
Semiconductor Device 

2. CLAIMS 

(1) A semiconductor device which seals inside a package a multilayer 
semiconductor integrated circuit chip in which element integration layers with integrated 
semiconductor elements are stacked in multiple layers and each layer is provided with a 
conductive pad to the outside, 

wherein internal pads inside the package are provided in a stepped manner in 
multiple layers, and the corresponding layer's said conductive pad and internal pad are 
connected via an external conductor. 

(2) A semiconductor device according to claim 1, wherein said external 
conductor is a bonding wire. 

(3) A semiconductor device according to claim 1, wherein the shape of said 
conductive pad portion and the shape of said internal pad portion are formed so as to 
correspond, and said multilayer semiconductor integrated circuit chip is in a face-down 
state and is connected via an electrode pad as said external conductor. 

3. DETAILED DESCRIPTION OF THE INVENTION 

The present invention pertains to the structure of a semiconductor device that 
equipped with a multilayer semiconductor integrated circuit chip. In electronic devices 
such as electronic computers and various types of communication devices and so forth, 
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increasing the mounting density of semiconductor devices is extremely important in 
trying to make instruments smaller and give them more capacity. 

In order to achieve the aforesaid object in a semiconductor integrated circuit (IC) 
such as a large-scale integrated circuit (LSI), techniques for increasing the degree of 
element integration per package include (1) structures in which a plurality of LSI chips is 
arrayed inside 1 (one) semiconductor package, (2) structures in which semiconductor 
elements are formed on the surface of 1 (chip), (3) structures in which semiconductor 
packages containing LSI chips are stacked, (4) structures in which a semiconductor layer 
is formed on an insulating layer formed on an LSI, the semiconductor layer is 
recrystallized with laser annealing, and LSI is formed in the recrystallized semiconductor 
layer (see Nikkei Electronics, 2-18 (1980), p. 82), etc. However, all of these have 
problems. In structures (1) ~ (3) one cannot expect to greatly increase the degree of 
integration and mounting density vis-a-vis an instrument. In structure (4) the degree of 
integration and mounting density increase greatly, but circuit terminals at each layer are 
not exposed, so it is difficult to individually inspect the LSI process functions and circuit 
functions formed at each layer. 

The present invention takes into account the aforesaid problems. It provides a 
semiconductor device that seals into a package a multilayer semiconductor integrated 
circuit chip that stacks integrated circuit (IC) chips, greatly suppresses an increase in 
package dimensions and greatly increases the degree of IC integration per package, and 
has a structure that makes it possible to individually measure the process functions and 
circuit functions of each IC chip. 

That is, the present invention is a semiconductor device which seals inside a 
package a multilayer semiconductor integrated circuit chip in which element integration 
layers with integrated semiconductor elements are stacked in multiple layers and each 
layer is provided with a conductive pad to the outside; it is characterized in that internal 
pads inside the package are provided in a stepped manner in multiple layers, and the 
corresponding layer's aforesaid conductive pad and internal pad are connected via an 
external conductor. 

Below, the present invention shall be described in detail using upper view (a) and 
sectional view along arrow A-A' (b) of the two embodiments of chip stacking structures 
shown in FIG. 1 and FIG. 2, and the schematic sectional views of two embodiments of 
structures for mounting the chip in a package shown in FIG. 3 and FIG. 4. 

The semiconductor IC chip that is each element integration layer used in the 
multilayer semiconductor ICs in these embodiments is typically one in which, according 
to the MIS-type IC fabrication process, for example, formation of the gate oxide film, 
gate electrode, source and drain electrodes, wiring, etc. is completed, and the upper 
surface is covered with a surface protection insulating film such as phosphorus-doped 
silica glass (PSG), leaving only the bonding pad parts that are the pads for conductivity 
for wiring. Furthermore, bump-shaped electrodes may be formed at the aforesaid 
bonding part parts. 

Now, for example, in a multilayer semiconductor IC chip stacking structure such 
as that shown in FIG. 1(a) and (b), a number of desired conductive bonding pads 2a, 2b, 
2c or 2d are formed at the periphery along the 4 (sides) of first layer semiconductor chip 
la, second layer chip lb, third layer chip lc, and fourth layer chip Id; the size of the chip 
in each layer is formed so that higher chips become successively smaller so that when an 
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upper-layer chip is mounted the bonding pad of the lower-layer chip is exposed at the 
periphery (outside) of the upper-layer chip. (In the drawings, 9 represents the surface 
protection insulating film.) 

Also, the adhesion layer 3 when stacking and securing these semiconductor IC 
chips is formed using an insulating resin such as a silicone resin, epoxy resin, or 
polyimide, etc., a conductive adhesive such as silver paste, etc. or a solder material 
consisting of an alloy such as gold-tin (Au-Sn). Furthermore, among these, when 
creating adhesion using a solder material it is necessary to form in advance a metallized 
layer consisting of Au or the like on the surface protection insulating film 9 of the lower- 
layer semiconductor IC chip. In structures that adhere using a conductive adhesive or a 
solder material, contact windows are formed at desired locations other than the peripheral 
part in the lower chip's surface protection insulating film 9; this is advantageous when 
forming vertical electrical connections with desired regions of the upper-layer chip via 
the aforesaid conductive adhesive or solder material. 

FIG. 2(a) and (b) is a different embodiment showing the structure when stacking 
semiconductor IC chips of the same chip size. In this case, for example, the bonding 
pads 2a, 2b, 2c, and 2d of each layer's semiconductor IC chip la, lb, lc, and Id are 
formed only at edge parts along adjacent 2 (sides) at the chips. The same aforesaid 
conductive resin, conductive adhesive, or solder material is used as the adhesion layer 3 
used when adhering chips. (In the drawings, 9 represents the surface protection insulating 
film.) 

This embodiment's semiconductor device has a structure wherein the aforesaid 
sort of multilayer semiconductor integrated circuit chip is disposed inside a 
semiconductor package. In one embodiment thereof, as shown in FIG. 3's sectional 
schematic drawing, a multilayer semiconductor integrated circuit chip with sequentially 
stacked semiconductor IC chips la, lb, lc, and Id is secured so that it is disposed on 
semiconductor package 4's chip stage 5 using the same aforesaid conductive resin, 
conductive adhesive, or solder material. The aforesaid chips' desired bonding pads 
(normally all the bonding pads) 2a, 2b, and 2c and the semiconductor package 4's 
internal pads 6a, 6b, and 6c are connected by a wire 7, which is an external conductor that 
uses a method such as wire bonding, etc. (In the drawing, 9 represents the surface 
protection insulating film.) 

Also, this embodiment has a structure in which a desired bonding pad 2d of 
upper-layer chip Id and a desired bonding pad 2c of the lower-layer chip lc are 
connected by external conductor 7' using wire bonding. This sort of external conductor 
connection is used when connecting circuits formed on each chip to a common power 
source, for example. Furthermore, in this structure it is preferred that semiconductor 
package 4's internal pads 6a, 6b, and 6c be formed so that they have essentially the same 
height as bonding pads 2a, 2b, and 2c of the respective corresponding multilayer 
semiconductor integrated circuit chips la, lb, and lc. 

Also, FIG. 4 is a sectional schematic view of an embodiment of the inventive 
semiconductor device in which a multilayer semiconductor integrated circuit chip is 
placed in the semiconductor package in a face-down structure. This embodiment has a 
structure in which a multilayer semiconductor integrated circuit chip with semiconductor 
IC chips la, lb, and lc having bump electrodes 8a, 8b, and 8c consisting of lead-tin (Pb- 
Sn) solder or the like at bonding pads 2a, 2b, and 2c stacked and formed and described 
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previously is mounted with its upper side downward, and is soldered and secured to 
internal pads 6c, 6b, and 6a formed in multiple layers in the semiconductor package 4 
using the aforesaid bump electrodes 8a, 8b, and 8c; the bonding pad part of each layer's 
semiconductor IC chip la, lb, and lc and the wiring inside the package are respectively 
electrically connected with the bump electrodes 8a, 8b, and 8c as external conductors. (In 
the drawing, 9 represents the surface protection insulating film.) 

Furthermore, in this structure the thickness of each layer's semiconductor IC chip 
and the inter-layer separation of wiring inside the semiconductor package need to be 
essentially the same. 

In a semiconductor device with the inventive structure as explained above 
semiconductor IC chips are stacked and secured inside a semiconductor package, so it is 
possible to greatly increase the circuit density (degree of integration) per package while 
greatly minimizing an increase in package dimensions [portion of original deleted], and it 
has a structure such that each semiconductor IC chip's bonding pad region or internal 
wiring connected thereto is individually exposed inside the package, so when assembling 
the multilayer semiconductor IC it is possible to detect process functions and circuit 
functions for each chip and manufacturing yield can be increased. 

In addition, the structure of the internal pad portion of the inventive 
semiconductor device is formed so that it essentially corresponds to the structure of the 
conductive pad portion of the multilayer semiconductor integrated circuit chip, so 
mounting the aforesaid chip is easy to perform. 

Also, in the structure of the first embodiment of the present invention each 
element integration layer's bonding pad is exposed, and bonding pads in different chip 
layers can be connected by an external conductor as described previously. Therefore it is 
not always necessary to have all of a circuit function in one chip in a semiconductor 
device with a multilayer chip structure, and a circuit can be spread across several chips. 

Therefore the present invention makes it possible to increase multilayer 
semiconductor IC manufacturing yield and simultaneously decrease the size and increase 
the capacity of electronic devices such as electronic computers or electronic 
communication devices, etc. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 and FIG. 2 show two embodiments of chip stacking structures in the 
inventive multilayer semiconductor integrated circuit; (a) is a view from above, and (b) is 
a sectional view along arrow A- A'. Also, FIG. 3 and FIG. 4 are schematic sectional 
views of two embodiments of structures for mounting the chip in a package in the present 
invention. 

In the drawings, la and lb and lc and Id are semiconductor integrated circuit 
chips that are element integration layers, 2a and 2b and 2c and 2d are bonding pads, 3 is 
an adhesion layer, 4 is a semiconductor package, 5 is a chip stage, 6a and 6b and 6c are 
package internal pads, 7 and 7' are external conductors, 8a and 8b and 8c are bump 
electrodes, and 9 is a surface protection insulating film. 

Representative: Koshiro Matsuoka, Patent Agent [seal] 

FIGS. 1-4 
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